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CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the benefit of U.S. Provisional 
Application No. 60/405,579 filed August 23, 2002, the disclosure of which is 
incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0003] The present invention relates to a scoring system for 
evaluating rib fracture trauma patients and a related protocol for utilizing the 
scoring system to make decisions on patient treatment. 

2. Brief Description of the Related Art 

[0004] Rib fractures, which account for more than half of thoracic 
injuries due to nonpenetrating trauma, are the most common blunt chest injury in 
adults. Motor vehicle crashes are the most common mechanism [1]. Significant 
morbidity and mortality that occur soon after multiple rib fractures are related to 
the underlying visceral injury, such as the degree of pulmonary contusion, the 
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presence of hemopneumonthoraces, or injury of the aorta [2]. Other 
complications that can occur include hemorrhage, flail chest, atelectasis, 
pneumonia, respiratory failure, and death [1 , 3], 

[0005] Although head injury is the most common cause of death 
due to traumatic injury, thoracic trauma accounts for 25% of such deaths [2, 4]. 
Ziegler and Argarwal [4] found that of 7,147 patients admitted to a trauma center, 
71 1 (10%) had rib fractures. Only 6% of the 7,147 patients had isolated rib 
fractures; therefore, 4% (289 patients) had multiple rib fractures. Their study [4] 
indicated patients with 1 or 2 rib fractures had a 5% mortality rate, whereas 
patients with 7 or more fractures, had a 29% mortality rate. Although the study 
did not indicate the percentage of patients with 7 or more fractured ribs, 
potentially 83 (29%) of the 286 patients with multiple rib fractures could have died 
of their injuries. Ziegler and Argarwal concluded that rib fractures were an 
indicator of severity of injury. 

[0006] The research leading to epidural analgesia as a standard of 
care for pain management for patients with multiple rib fractures suggested that 
the respiratory system has having a major impact on patients' recovery. During 
normal respiration, the rib heads rotate on their vertebral articulations while 
leaving the vertebral column stationary; thus the sternal ends of the ribs rise and 
fall while the vertebral ends remain fixed. Muscular contraction elevates only the 
sternal ends of the ribs, causing a mechanical motion that moves the sternal 
ends of the ribs up and away from the vertebral column. This action increases 
the anterioposterior distance between the sternum and the vertebrae and 
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enlarges the thoracic cavity volume. This simultaneous action causes a 2- 
dimensional enlargement by the combined effect of the 2 movements. 

[0007] The external and parasternal intercostal muscles elevate the 
ribs, resulting in inspiration. With the relaxation of these muscles, the ribs return 
to their original position, a change that decreases lung volume. Changes in 
thoracic pressure provide the basis for generating pressure gradients necessary 
for air movement into and out of the lungs. The process of breathing requires the 
use of both bony structures and accessory muscles. Broken ribs, particularly on 
both sides of the vertebrae, dramatically reduce this dual-action chest movement 
and thus reduce the volume of air into and out of the lung [5]. 

[0008] Lung capacity and volume also change with the position of 
the body, decreasing when a person lies down and increasing when a person 
stands [6]. While a person is lying down, the abdominal contents push upward 
against the diaphragm, causing a decrease in the expansion of the lungs. 
Therefore, patients on bed rest have decreased pulmonary excursion. 

[0009] Rib fractures can compromise ventilation by at least 3 
mechanisms: (1 ) pain from rib fractures can cause splinting, subsequently 
resulting in atelectasis and pneumonia; (2) multiple rib fractures may cause flail 
chest which interferes with normal costovertebral and diaphragmatic muscle 
excursion and results in ventilatory insufficiency; and (3) these broken ribs can 
become penetrating objects that cause a hemothorax or a pneumothorax. The 
middle ribs (ribs 4 through 9) are the most commonly injured because the 
structurally weakest point of the rib cage is the posterior angle [7, 8]. Lung- 
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related morbidity of patients with multiple rib fractures ranges from 13% to 69% 
[2]. 

[0010] A fracture of the first rib is considered to be a hallmark of - 
severe trauma. The amount offeree required to fracture the first rib is 
tremendous and should alert healthcare providers to the possibility of other 
injuries, such as aortic tears, cardiac injuries, or traumatic injury of the subclavian 
artery and brachial plexus. Patients with a fracture of the first rib also may be at 
high risk for late-developing injuries and complications [9,10]. Patients with this 
injury should be monitored closely and complications of the injury should be 
anticipated. 

[0011] Recognizing the mechanisms that may compromise 
adequate ventilation is important when managing patients with multiple rib 
fractures. Inadequate ventilation results from mechanical instability and 
subsequent splinting of the involved side of the chest, which is unavoidable 
because of pain [8]. Atelectasis is characterized by collapse of lung tissue on 
itself, which prevents the exchange of carbon dioxide and oxygen. The loss of 
this functional lung tissue often results in an increase in heart rate, blood 
pressure, and respiratory rate. The secretions then become trapped in the 
collapsed lung tissue. These retained secretions support the growth of bacteria, 
a situation that leads to stasis pneumonia, respiratory failure and acute 
respiratory distress syndrome (ARDS) in critically ill patients [6]. Patients with 
blunt trauma should be considered at risk for secondary complications, even 
those with favorable trauma Scores or injury severity scores [11]. 
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[0012] In patients with blunt chest trauma and rib or sternal 
fractures, pain promotes splinting and is a major factor contributing to the need 
for intubation. Pain associated with rib fractures can prevent proper ventilation 
and coughing, leading to atelectasis, retained secretions and pneumonia [12]. 
Durable and satisfactory analgesia can prevent atelectasis, which may result in 
pneumonia. Nosocomial pneumonia can be prevented in these patients by use 
of prevention strategies, such as early fixation of fractures, rapid mobilization, 
and adequate pain management [13]. Gabrem et al. [2] attribute atelectasis to 
increased pulmonary shunting leading to hypoxemia, which may predispose 
patients to respiratory failure. See Fig. 1. 

[0013] As a result of nearly thirty years' research in ways to prevent 
death and minimize complications from multiple rib fractures, clinical 
management of these patients has been the key to improving outcomes. Three 
patient management practices have proved significance in influencing outcomes 
and preventing complications in patients coming to emergency trauma centers 
with chest trauma: rapid mobilization, respiratory support, and proper pain 
management [8, 14 -16]. 

[0014] Rapid mobilization is a key factor in successfully preventing 
hypoventilation and atelectasis with retained secretions, which could result in 
pneumonia, respiratory failure and ARDS. In a study of patients with ARDS, 
oscillation therapy provided by a kinetic bed was compared with conventional 
supine positioning. The patients who had oscillation therapy had significant 
improvement in lung function without hemodynamic compromise. Continuous 
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body positioning, achieved using such methods as air therapy, prone ventilation, 
and oscillation might be a promising treatment in ARDS. As does prone 
ventilation, oscillation therapy provides a larger surface of non-dependent lung 
sections, a situation that promotes redistribution of blood and allows lung areas 
previously not being ventilated to be perfused and ventilated [17, pp.188-213]-. 

[0015] Patients with bilateral rib fractures have an increased risk for 
complications associated with the basic nursing care that is delivered. For 
example, each turn or re-positioning maneuver of a patient with bilateral rib 
fractures places the patient at risk of receiving further trauma. The pieces of rib 
that have been broken may re-locate to new tissue, thus exacerbating the 
previous injury. Therefore, it seems reasonable to create a method to determine 
which patients are in the highest risk group and to provide care that minimizes 
the risk of complications or exacerbation of injury. » 

[0016] The overall goals of mechanical ventilation for patients with 
multiple rib fractures are to support the respiratory system while the ribs heal and 
to prevent complications. If patients can be mobilized, they should be 
encouraged to move around to maintain homeostasis in their lungs. Although 
mechanical ventilation may be required as supportive therapy, the prevalence of 
complications increases with the use of invasive therapy, and the potential for 
complications such as pneumonia also increases [13, 15]. 

[001 7] Incentive spirometry therapy is a valuable tool in 
postoperative patients. It can also be successful with patients with multiple rib 
fractures. However, the patients experience significant pain with increased 
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expiratory volumes, so adequate pain control is paramount to the success of this 
conservative treatment. 

[0018] If mechanical ventilation is required, decisions about the 
mode of ventilation become important. Because ARDS is an oxygenation 
problem, modes that support the exchange of oxygen at the cellular level are 
indicated. Assist-control or volume-control mode ventilation is used for patients 
who have a weak respiratory effort, such as patients who are hypoventilating 
because of multiple rib fractures. This mode is a comfortaible one that provides 
complete mechanical support, but it is not a weaning mode. Pressure-control 
ventilation has the advantage of limiting pressure, therefore it decreases the risk 
of barotraumas, but it does not guarantee s baseline tidal volume [17]. Pressure- 
control ventilation may become increasingly popular as a result of the first major 
advancement in ARDS in more than 30 years, made in 1999. Investigators [18] 
found that smaller ventilator breaths or a decrease in the tidal volume setting on 
the ventilator may reduce mortality in patients with ARDS. 

[0019] A more aggressive mode of ventilation is pressure-regulated 
volume control, which adjusts the flow rate of the delivered oxygen to deliver the 
set tidal volume at or below the set maximum pressure. This mode is the 
preferred mode for patients with high airway pressures. Pressure-regulated 
volume control ventilation produces a guaranteed tidal volume but minimizes 
barotrauma [19]. The ventilator computer calculates compliance at 
predetermined intervals and adjusts the flow rate of the gas delivered as the 
patient's lung compliance changes [20]. 
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[0020] Results of studies using inverse ratio ventilation have been 
reported since the 1980s [21-23]. This mode of ventilation is delivered 1 of 2 
ways: (1 ) volume-cycled ventilation with an end-inspiratory pause, or with a slow 
or decelerating inspiratory flow; or (2) pressure-controlled ventilation applied with 
a long inspiratory time. Use of inverse ratio ventilation requires that the patient 
be sedated to prevent fighting the ventilator. This mode of ventilation can cause 
excessive gas trapping, and close monitoring is required to determine if any 
adverse hemodynamic effects occur [24]. 

[0021] Although some of the emergent modes of ventilation are 
experimental, or the equipment may not be readily available in all community 
hospitals, the modes should be included in any protocol designed to improve 
patients' outcomes and avoid complications associated with injuries sustained 
from trauma. These modes include high-frequency jet ventilation, combined 
high-frequency ventilation; high-frequency percussive ventilation; use of nitric 
oxide combined with high-frequency jet ventilation, liquid-assisted ventilation, and 
extracorporeal membrane oxygenation. 

[0022] High-frequency jet ventilation can be delivered by using high 
respiratory rates (> 60/min) to deliver small tidal volumes from a gas source of 
high pressure through a small-bore cannula. Combined high-frequency 
ventilation has been used when treatment with high-frequency jet ventilation is 
not successful [25]. High frequency percussive ventilation combines the delivery 
system of jet ventilation and the changes in lung volume of conventional 
ventilation [26, 27]. 
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[0023] Use of nitric oxide combined with high-frequency jet 
ventilation is well established in neonatal intensive care. Only recently have case 
reports describing the outcomes of this therapy in adults been published. 
Campbell et al. [28] reported the successful simultaneous use of nitric oxide and 
high-frequency jet ventilation in a patient with ARDS with co-existing large 
bilateral bronchopleural fistulas. 

[0024] Liquid-assisted ventilation offers an alternative ventilation 
strategy for supporting life during severe respiratory failure associated with 
ARDS. This technology is a simple process where inert perfluorochemical fluids 
are substituted for nitrogen as a medium for gas exchange. Use of these fluids 
reduces the surface tension in the lung that is created by the interface of gas and 
tissue. The perfluorochemical fluid recruits atelectatic lung, thereby increasing 
lung compliance and the area of gas exchange. The effect is to minimize 
barotrauma [27]. 

[0025] Extracorporeal membrane oxygenation is not a new therapy, 
but may be considered in an emergent situation. Unfortunately, if the facility 
providing care for the patient does not have extracorporeal membrane 
oxygenation, patients may have to be transferred to a facility with a 
cardiothoracic unit that has the equipment and has staff with expertise in the use 
of extracorporeal membrane oxygenation [24]. The transfer ideally would occur 
before the patient deteriorates. 

[0026] The best outcomes in the care of patients with multiple rib 
fractures are associated with appropriate management of pain [29-32]. Although 
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the exact mechanism is still being studied, pain management is an important 
factor in preventing complications in these patients. Epidural analgesia is 
becoming a standard of care [7]. 

[0027] In a randomized, experimental, prospective study of 100 
patients requiring mechanical ventilation because of multiple rib fractures, 
Dittman et al. [28] concluded that effective analgesia led to an increase in the 
midposition tidal volume and opening of more alveoli. The control group was 
treated with mechanical ventilation, whereas the experimental group was allowed 
to breathe spontaneously with thoracic epidural analgesia for pain management. 
The specific outcome measures were functional residual capacity, dynamic lung 
compliance, vital capacity, airway resistance and Pa0 2 . The experimental group 
experienced a uniform rise in dynamic lung compliance, vital capacity, and 
functional residual capacity; a reduction in airway resistance and an increase in 
Pa0 2 (P<0,001 ). The control group had an average stay in the intensive care 
unit of 9.8 days, compared with 4.5 days for the experimental group. Overall, 
epidural analgesia encouraged a favorable outcome because it enabled patients 
to cough effectively. 

[0028] O'Kelly & Garry [29] concluded that pain from fractured ribs 
causes a reduction in respiratory excursion which increases the ventilation- 
perfusion mismatch and is the principal problem in a patient with fractured ribs. 
In their case report, a patient treated with nerve blocks using an intercostal 
injection with the aid of Tuohy needle experienced total pain relief for 8 hours. 
The catheter provided a method for continuous delivery of an analgesic agent 
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across several intercostal segments of the thorax. When used for a few hours, 
epidural anesthetics were extremely effective in controlling pain and in enabling 
patients to participate in aggressive pulmonary toilet routines [9]. 

[0029] Abouhatem et al. [30] hypothesized that efficient pain relief 
with continuous thoracic epidural analgesia allowed good physiotherapy 
management without central sedation and impairment of the cough reflex, thus 
preventing pulmonary atelectasis and infection. Their- hypothesis was supported 
in a sample of 19 patients with an average of 5 rib fractures. Worthley [31] also 
reported that pain relief with epidural analgesia was dramatic and was not 
associated with sedation. During a 6-year period, 161 patients with chest trauma 
were treated with thoracic epidural analgesia induced by using bupivacaine 0.5% 
with adrenaline 1/200000. The group had an increase in mean vital capacity 
from 494 (SD, 300) mL before analgesia to 1 130 (SD, 199) mL after analgesia. 
They concluded that as a result of proper thoracic epidural pain management, 
patients were more alert and cooperative and thus able to participate in 
increased activities such as turning, getting up, and physiotherapy. 

[0030] Rocco et al. [32] compared continuous versus intermittent 
intrapleural administration of bupivacaine for pain relief in patients with multiple 
rib fractures. Six patients received doses intermittently, whereas a second group 
of 3 patients received an initial intrapleural injection of 20 ml of 0.5% bupivacaine 
and then a continuous infusion of 0.25% or 0.5% bupivacaine at a rate of 5 to 10 
mL/hour. Outcome measures for the intermittent dosage group were arterial 
blood gas pH (P<0.001), PaC0 2 (P<0.01) and Pa0 2 (P<0.001) before and after 
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injection. The outcome measures for the continuous infusion group were peak 
mean venous blood levels of bupivacaine between 1.1 and 2.38 jig/mL. 
Adequacy of analgesia was measured as unilateral anesthesia to pinprick from 
12 to T10. Although statistical analysis was not presented for between-group 
differences, Rocco et a), concluded that effective pain relief could be provided 
with either intermittent or continuous intrapleural analgesia. 

[0031] More recent research [33-36] supports the earlier findings of 
the necessity to adequately control pain in patients with multiple rib fractures. 
Clarke [35] argues that the use of intrapleural catheters for pain relief should be i 
widespread practice. 

[0032] Optimally, if rapid mobilization, respiratory support, and pain 
management were simultaneously used in a systematic method, healthcare 
providers would be able to define the appropriate level of care for patients with 
multiple rib fractures. This level of care would encompass preventive care, 
anticipatory management, and emergent crisis care. Ultimately, delivery of the 
appropriate level of care delivered immediately would speed up patients' 
recovery. 

[0033] Siegal et al. [37] studied the cost of care of patients with 
multiple trauma. They found that the Injury Severity Score was a poor predictor 
of the use of resources. Instead, the most common variable that explained more 
than 80% of the variability in cost was the length of stay. The most common 
complications involved the respiratory system. Therefore, if the most common 
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complication can be closely managed, the length of stay theoretically should 
decrease, along with the cost associated with that stay. 

[0034] The lungs become less elastic or they lose compliance as a 
result of the normal aging process. The number of alveoli and small blood 
vessels around the lungs diminishes. The vertebrae in the spine become 
compressed, causing the disc spaces to be smaller, reducing chest volume. The 
diaphragm and the intercostal muscles also weaken with age. These changes 
result in decreased lung expansion. Therefore, the lungs take in less oxygen and 
exhale less carbon dioxide. Overall lung function is decreased. These 
anatomical changes alone contribute to a vulnerability to pneumonia and 
bronchitis [38]. 

[0035] A lower threshold for admission of the elderly with isolated 
rib fractures may be warranted because of the higher incidence of 
hypoventilation, hypercapnea, atelectasis, and pneumonia [12]. The age of the 
patient seems to be pertinent data to include in the development of a protocol for 
management of patient with multiple rib fractures. 

[0036] Ziegler & Argarwal [4] studied patients' outcomes after 
multiple rib fractures. They documented a significant correlation between 
mortality and increases in the number of ribs fractured. They hypothesized that 
most patients with multiple rib fractures will have associated injuries and 
proposed that as the number of rib fractures increases, so will the Injury Severity 
Score and mortality. Ziegler & Argarwal [4] also predicted that one third of 
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patients will have pulmonary complications, one third will have a hemothorax or 
pneumothorax, and one third will require transitional or extended care. 

BRIEF SUMMARY OF THE INVENTION 
[0037] The present invention is directed to the care of patients with 
multiple rib fractures. In the present invention a score and protocol is applied to 
the treatment of the rib fracture trauma patient by selecting the appropriate form 
of rapid mobilization, respiratory support, and proper pain management will result 
in speedy recovery, as measured by length of stay in the intensive care unit and 
the hospital. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0038] Fig. 1 is a block diagram of a model of the progression of 
respiratory failure/ARDS development related to pain associated with multiple rib 
fractures. 

[0039] Fig. 2 is a diagram of the protocol of the present invention for 
management of pain, respiratory care and mobility in patients with multiple rib 
fractures. 

DETAILED DESCRIPTION OF THE INVENTION 
[0040] On the basis of the Ziegler and Argarwal data previously 
mentioned and the finding of other investigators, the protocol of the present 
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invention was developed for a quality improvement project in a 10-bed trauma 
unit in a community hospital in the Midwestern United States. 

[0041] The information obtained from the project was used to 
develop a formula for determining which patients are at highest risk and thus 
which level of care is indicated. The levels of care are conservative, progressive, 
aggressive, and emergent. A review of literature led to the inclusion of 3 major 
components of management in the protocol: pain control, respiratory support, 
and rapid mobilization of the patient. 

[0042] Roumen et al. [38] found that scoring systems directly 
grading the injury severity of groups of trauma patients have predictive value for 
late and remote complications, such as ARDS and multiple organ failure, 
whereas scoring systems that grade the physiologic response to trauma have no 
predictive value but are related to mortality. For this reason, the Injury Severity 
Score was not selected for use in this protocol. Rather, looking specifically at the 
number of ribs fractured and differentiating unilateral versus bilateral injury 
seemed prudent. 

[0043] When this protocol is followed, specific care should be 
implemented in adult trauma patients with chest injuries with a rib fracture score 
greater than 6. The simple formula shown in Table 1 following can be used to 
ascertain the rib fracture score: Rib Fracture Score = number of Breaks (1 rib 
broken twice is 2 breaks) multiplied by the number of Sides the injury occurs on, 
(unilateral is x 1 , bilateral is x 2) plus an Age Factor based on the age of the 
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patient. The age factor is a calculation to accommodate for the increased risk of 
complications from injuries in the elderly [1 2]. 



Table 1 

Rib Fracture Score = (Breaks x Sides) + Age Factor 



Breaks Number of fractures 

Sides Unilateral = 1 , bilateral = 2 
Age Factor 

0 If < 50 years old 

1 If 51-60 years old 

2 If 61 -70 years old 

3 If 71 -80 years old 

i 

4 If > 80 years old 
[0044] As shown in Fig. 2, an increasingly progressive protocol is 



based on the Rib Fracture Score as a decision-making tool to provide adequate 
pain control, minimize complications, and to promote faster recovery from rib 
injuries in the expensive environment of intensive care units. The protocol 
suggests conservative, progressive, aggressive or emergent methods as shown 
in Fig. 2 for pain management, respiratory management and activity/mobility 
depending on the Rib Fracture Score. Conservative methods are suggested for 
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a Rib Fracture Score of 3-6, progressive methods for a score of 7-10, aggressive 
methods for a score of 1 1 -1 5 and emergent methods for a score greater than 1 5. 

[0045] The present invention has been described with reference to 
certain preferred and alternative embodiments that are intended to be exemplary 
only and not limiting to the full scope of the present invention as set forth in the 
appended claims. 
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